Abstract. For the first time based on the developed technique the authors studied the spatial structure of consumption of the Internet traffic in the MTS network in the territory of a large city -Krasnodar. Depth of analysis characterizes the distribution within the cell. Built maps allow linking a traffic distribution with functional areas in the city, as well as localized areas of high volume of daily Internet traffic on different days of the week.
where x 1 , y 1 are the Cartesian coordinates of the «traffic point»; х,y stand for the BS coordinates, A is the BS antenna azimuth, rnd denotes a random number between -60 o to 60 o . The values taken by a variable rnd are rather provisional and relate to the 120° antenna opening angle. In reality, the signal propagation direction is not restricted and may exceed 120°. However, in a city with a high density of cells such cases may be ignored by their low probability.
The results obtained with the Python script, realizing the formulas above, are written to the file in ASCII format and are further visualized with ArcMap (Esri, USA) software (Fig. 1) .
Fig. 1. Spatial distribution of the obtained Internet "traffic points"
Thus, the density of the evaluated «traffic points» allows estimating the spatial distribution of daily volumes of Internet traffic in Krasnodar. Because the information about Internet traffic in MTS network measured in specified units (GB) is a corporate one, some relative indicators have been used, which, however, allow reliably solving the problem. A discrete model ( Fig. 1) is transformed to the continuum one using the module «Spatial Analyst Tools»,  namely, the tool «Kernel Density», by constructing a map of the point object density. At the final stage of data processing a raster-to-vector conversion is performed. The images are exported to Google Earth environment indicating the areas with different traffic density, in other words, with a different daily activity of network users on Wednesday and Sunday.
Analysis of the results. The obtained density maps reflect a rather high heterogeneity of the daily Internet traffic volume distribution within the city area. The hypothesis of the Internet traffic volume dependency from the city spatial organization has been checked by comparison with the existing zoning of Krasnodar city using the zonal statistics tools. Functional zones of the city are used as such areas (in geostatistical sense).
Differentiation of urban areas into zones, which are characterized by different typological peculiarities of the phenomenon, is typical for all cities in the world. The basis of the functional organization of the city territory is the principle of allocation of sites, fulfilling the same life functions such as working, living and recreation. This fact is used in the method of functional zoning of territories, which in accordance with Russian normative documents [10] involves dividing the city into three main zones: residential, industrial, landscape and recreation. These zones are linked by the city transport system. A map of Krasnodar functional zones, developed on the basis of the master plan (2012), is shown in Fig. 2 .
Within the boundaries of each of the 7 zones (residential, recreational purpose, business, special purpose, industrial, agricultural, transport infrastructure) the daily Internet traffic volume is defined by the amount of "traffic points" (Table 1 ). In addition to the obtained estimates of the traffic distribution, the main data consumers have been detected and traffic variability in the characteristic days of the week have been investigated.
It is clear from Table. 1 that the maximum amount of traffic (6670%) is consumed by subscribers in the residential zone covering only 22% of the city are. Previous studies shown [6] that the daily peak traffic consumption falls on the evening hours, i.e. when the majority of subscribers are located in a residential area. About 1012% of the consumed Internet traffic is generated in recreational and downtown zones. The remaining four functional zones covering a total area of 34.5% of the city territory altogether account for 9-10% of the traffic. While in the agricultural zones only 0.2% of its volume is generated, their area is comparable, for example, with the size of the downtown zone. It turned out that the factor of the specific day of the week (Wednesday and Sunday) has low influence on the territorial pattern of the traffic consumption and does not result in radical changes of the ratios described above ( Table 1) . As expected, the greatest differences in consumption for these two days is observed for a residential area. In all other zones, these changes are minor.
Fig. 2. Functional areas in Krasnodar
In addition to the "zonal" aspect, it is of great interest to evaluate the local features of the traffic density distribution. Since the developed technique operates with the relative indicators of daily Internet traffic, a rank scale is used for the construction of the corresponding maps. The classification values are produced by the method of natural breaks (Jenks). In this case, the same class get similar values with a maximum difference between classes. Classes correspond to the following values of consumed traffic (GB), Wednesday: moderate -0,41-22,1, heightened -22.02-46,56, high -46,57-87,91; Sunday: moderate -0,64-24,56, heightened -24.57-56,35, high -56,36-113,77.
The spatial structure of daily Internet traffic in the city, amid its apparent heterogeneity, is characterized by the presence of foci (Fig. 3) . Borders of the foci do not coincide with the particular streets, and have typical sizes of 0.4 to 2.4 km 2 with a compact form.
Fig. 3. The Internet traffic consumption in Krasnodar on Wednesday (top) and Sunday (bottom)
According to the Wednesday data 13 areas of high Internet traffic consumption may be obtained (Fig. 3) . The territorial structure of the analyzed indicator in this day of the week seems to be close to the concentric one, in which the focuses are mainly concentrated around the city centre. Five major foci are located along the Krasnaya street. Such areas of the high traffic consumption are usually conditioned by 8 to 44 high-rise residential buildings, 1-3 kindergartens, 1-3 schools, a hospital, a market, shops, garages. Such foci are typical for the residential microdistricts (centers №1, 3, 4, 5, 12). In addition, areas of high traffic consumption are formed around major universities (centers No. 2, 11, 13).
On Sunday, the structure of the indicator is close to the polycentric one ( Fig. 3) with at least 16 centers of high consumption of Internet traffic. While the city center is relatively unloaded, the new foci are detected in the suburbs -in the Northern and Eastern parts of the city. Nine from 16 foci are localized in the residential micro-districts (№ 1, 3, 4, 5, 6, 9, 10, 14, 15) . It is estimated that MTS subscribers are actively using the Internet in major shopping and entertainment centres (foci № 2, 8, 11, 12, 16).
It can be stated that the most of the identified foci are localized in a residential area, being additionally spread in half of the cases throughout the social, business and recreational functional zones. On Wednesday, four from 13 centers of high traffic consumption are solely to residential zone, while on Sunday -6 foci from 16.
The maps allowed us to link the traffic distribution of functional zones in the city, as well as to localize foci of increased volume of consumed Internet traffic.
